A chemical and biological evaluation of the protein content of some leaves and leaf extracts from the eastern region of Nigeria (Biafra) has been made: most were from cassava 2. The protein content of the leaves was from 3 0 to 40 yo (expressed as percentage of leaf dry matter). The concentrations of essential amino acids were adequate, except for methionine. The biological criteria, true digestibility (TD) and biological value (BV), showed that the digestibility was from 70 to 80 yo, whereas BV varied from 44 to 57 yo, depending on the methionine content.
lysine content, however, is high, averaging 7-20 g/16 g nitrogen for the Jamaican and 6-33 g/16 g N for the Brazilian varieties respectively. Gerloff, Lima & Stahmann (I 965) compared the average essential amino acid values for leaf-protein concentrates to those for milk, cheese, meat, poultry, fish and egg protein: only the amounts of isoleucine, lysine and methionine were consistently lower than in animal products. Threonine was consistently higher, while the remainder of the amino acids were in favourable balance. Samples from nine plant species harvested under different conditions of fertilization and maturity did not show large variations in amino acid content. Gerloff et al. (1965) concluded that, on a total amino acid compositional basis, leafprotein concentrate should be a well-balanced source of dietary protein if supplemented with synthetic methionine.
Van Veen (1938) and Luyken, de Groot & van Stratum (1961) found a high digestibility of the protein in cassava leaves, especially with the young leaves. Luyken et al. (1961) found a true digestibility of 80% for the protein in young leaves, but this decreased to 67 % in older leaves; they also found an increase in net protein utilization (NPU) in older leaves when supplemented with methionine. Rogers & Milner (1963) could not make rats eat adequate amounts of the manioc-leaf diet and the animals lost weight. Reducing the amount of manioc leaf in the diet and sweetening it with sucrose did not improve the feed intake.
Some work has been done on extracting protein from cassava leaves: Byers (1961) and Singh (1964) say that not much protein ( < I 5 %) is extractable from fresh leaves. Akinrele (1963) agrees with this, but goes on to show that not all methods of extraction give the same results. He also mentions that leaf protein is a poor source of methionine, and ideally needs to be supplemented with another protein relatively rich in this amino acid. In a chemical study on the more commonly used leaf vegetables in Nigeria, Oke (1966) showed that the crude-fibre content of cassava leaves ranged from 6.4 to 10-3 %, ether extractives from 1.47 to 4.20% and the calcium : phosphorus ratio from 1.0 to 7.0 (0.5 is normally regarded as satisfactory). A low crude-fibre content is advantageous when considering the use of products for human nutrition.
The results so far discussed show that the protein in cassava leaves is of quite good biological value. This, along with the high protein content of the leaf, indicates that these leaves might be a useful, and acceptable, source of protein for human nutrition (Terra, 1964) .
Brief description of the samples investigated
Sample no.
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Samples I , 5, 6, 7 and 8 consisted of young leaves, sun-dried in Nigeria (Biafra).
Leaf extracts 2, 3 and 4 were produced according to local procedure (N. A. NWOSU, 1969, personal communication) , using equipment found within any West African household (e.g. pestles and mortars, boiling cans, wooden spoons, fine wire mesh sieves and cloth bags). Procedure The leaf extracts discussed here originated from freshly harvested green leaves. The leaves are washed in water to remove dust and then ground in a mortar until the leaf material is ruptured. The sap is then expressed by hand (or in a press if available) in the same way as palm oil is expressed. The liquid obtained is passed through a fine wire mesh sieve to remove leaf debris. This filtrate is boiled in an open can for 5-10 min to coagulate the protein. The precipitated material is cooled and repeatedly washed with water until the rinsing water becomes colourless. The coagulum is poured into a cloth and strained to remove as much water as possible: it is then spread on a tray to dry in the sun.
R E S U L T S A N D D I S C U S S I O N
When sufficient material was available, a complete analysis, including determination of some minerals, was carried out in addition to the tests for protein quality.
The results of the leaf analyses are shown in Table I . The crude-and true-protein contents of the leaf samples were similar to those previously reported. The ash 
Amino acid composition of leaf extracts
The amino acid analyses were carried out according to the method of Moore, Spackman & Stein (1958) , and methionine and cystine were estimated as methionine sulphone and cysteic acid respectively. The method of hydrolysis used was that described by Weidner & Eggum (1966). Tryptophan was measured according to the method of Eggum (1968a), but proline was not estimated. The amino acid composition of the three leaf extracts is given in Table 2 . All three have a similar amino acid composition, although there is less lysine in the Panicum maximum extract. There is good agreement between these figures and those obtained by Rogers & Milner (1963) on similar preparations. The content of most of the essential amino acids is higher than in soya-bean meal (Eggum, 1968b), particularly for threonine and tryptophan. The concentration of the sulphur-containing amino acids, cystine and methionine, is probably too low to supply human demand, and this will possibly be the limiting factor with these preparations. However, the high protein content of the extracts should ensure the supply of considerable amounts of essential amino acids to the human diet.
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The amino acid composition of five leaf samples, and the protein quality of four of them is shown in Table 3 .
The amino acid composition of the whole leaves was similar to that of the extracts (Table 2 ). The concentration of the sulphur-containing amino acids was rather low, and this was probably the cause of the relatively low BV, which ranged from 43.8 to 57-1. The sample with the highest methionine content, the cassava variety 44086 Congo, had the highest BV at 57.1. 
2'20
The TD of the protein was between 70 and 80, which agrees with the results of Luyken et al. (1961) . The resultant NPU was between 30 and 40 yo, which is relatively low. Owing to the high N content of the leaves, UN ranged from 1-80 to 2-43 (Table 3) , which is twice as much as for any cereal crop (Eggum, 1968b) .
Should the cassava leaf protein be supplemented with methionine?
It is generally agreed that the methionine content of cassava leaf protein is low. Luyken et al. (1961) found a large increase in BV when cassava leaves were supplemented with synthetic methionine. To test this relationship, DL-methionhe was added to cassava leaves, variety 61584 Ohupon, giving a total amount of methionine as stated in Table 4 .
Since Norwegian dried fish (cod) is used as a protein source in Nigeria, and West Africa generally, it was decided to test this combined with cassava leaves, and a diet was given in which 50% of the N was contributed by the dried fish and 50% by cassava leaves. The amino acid composition of the individual components, and the protein quality of both these and the mixed diets, are given in Table 4 . Table 4 shows that dried cod contains a large amount of all the essential amino acids, including methionine. Because of the favourable amino acid composition, this protein has a good BV of 78. The result of combining dried cod and cassava leaf shows, as might be expected, a great improvement in BV as compared with cassava leaf protein alone, the BV increasing from 49 to 73. This clearly shows that combining cassava leaves and fish results in a greater utilization of the protein in the leaf. The addition of methionine to cassava leaf also had a very positive effect on BV, as this increased from 49 to 80, an even higher value than for the combination with dried cod. UN increased to 3.2 yo, which is extremely high for a leaf product.
The results in Table 4 show quite definitely that the protein in cassava leaves contains too little of the sulphur-containing amino acids to obtain the best utilization of the protein. The practical question is whether enough is known for it to be safe to add synthetic methionine to a diet of cassava leaves. An overdose of a single amino acid may have an adverse effect (Eggum, 1967) . However, a combination with a protein which has a high methionine content, such as dried cod, can surely be recommended. Alternatively, other good sources of methionine such as sunflower or sesame meal could possibly be used.
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True availability of the amino acids in cassava leaves and dried cod The increased BV resulting from the addition of methionine indicates that there is a low availability of methionine in cassava leaves. The total content of sulphurcontaining amino acids in cassava leaves should theoretically result in a higher biological value than was found. T o illustrate this relationship, the true availability of the amino acids in leaves boiled for 15 min was measured and compared with the availability in dried cod: the results are given in Table 5 . All the amino acids, and therefore the total N, in dried cod were almost 100% available. Boiled cassava leaves behaved differently, and the availability of each individual amino acid varied considerably. Only 60% of the methionine was biologically available, and this probably accounted for the response obtained when methionine was added to the diet ( Table 4 ).
The digestibility of total N in the boiled cassava leaves appeared to be lower than in the unboiled samples (Tables 3, 4) . This indicates that the digestibility of cassava leaf protein might be decreased by heating.
Special thanks are expressed to Dr Edvard Nordrum, The Agricultural College of Norway, who brought the samples from the Eastern Region, Nigeria (Biafra) and placed them at our disposal.
